A simple spectrophotometric determination of fluoride in groundwater has been developed using aluminium -4, 5-dinitrochrysazin 
Introduction
Fluoride (F -) occurs in almost all waters from trace to high concentration (Dar et al., 2011) . It has been shown to cause significant effects in people through drinking water (WHO, 2006) . Low concentration of fluoride in drinking water can prevent dental caries (Maliyekkal et al., 2008; Qin et al., 2009) .Excessive exposure to fluoride, on the other hand, can lead to adverse effects such as fluorosis (Sunitha et al., 2004; WHO, 2006; Armienta and Segovia, 2008; Aldrees and Al-Manea, 2010; Arveti et al., 2011; and Dunne and Verrel, 2011) .Around 62 million people, including 6 million children, suffer from fluorosis (UNICEF, 1999; Meenakshi et al., 2004; and Singh, 2007) .
There is a narrow margin between the desired and harmful doses of fluoride (Czarnowski et al., 1996) . World Health Organization (WHO) has set a limit value of 1.5 mg L -1 of fluoride in drinking water (WHO, 2004; and Rafique et al., 2008) .Therefore, an accurate, simple, rapid and cost-effective analytical method is of high importance (Barghouthi and Amereih 2012a; Barghouthi and Amereih 2012b; and Barghouthi and Amereih 2012c) .
Given their particular advantages (such as simplicity, facility, accuracy and reproducibility), spectrophotometric methods are widely used in the determination of fluoride (Zolgharnein et al, 2009 ). They are based on the reaction of fluoride with coloured metal chelate complexes, either producing a mixed-ligand ternary complex or replacing the ligand with fluoride to give a colourless metal-fluoride complex and a free ligand with a colour different from the metal-ligand complex (Einaga and Iwasaki, 1981) .
Anthraquinone (AQ) dyes are those in which the chromophore is the carbonyl group conjugated with two aromatic rings on which amino and hydroxyl groups and their substituted forms are frequently present and act as auxochromes (Hatch and Magee, 1998) . Commercially useful AQ dyes are those with powerful electron donating groups such as amino or hydroxy at one or more of the four alpha positions (1, 4, 5, 8) . Only AQ with donor contains substituents having filled 2p z orbitals such as ─NH 2 or ─OH having intense absorption bands in the visible region of the spectrum, necessary for colour changes measurements (Arpe and Ullmann, 1985) . AQ dyes with groups capable of holding metals in stable combination such as alizarin have been used successfully as spectrophotometric reagent for fluoride determination (Jacobson & Weinstein, 1977; Cholak, 1959) .
This paper seeks to develop a spectrophotometric method for determination of fluoride in range of 0.0-2.0 mg l -1 , compatible with WHO limit value of 1.5 mg l -1 , using aluminium complexes of 4, 5-dinitrochrysazin as fluoride spectrophotometric reagent in the presence and absence of anion interferences. The paper examines the effect of ethanol and methanol solvents on the spectrophotometric properties of the reagent under investigation.
Experimental Apparatus
Beckman DU-7500 single beam spectrophotometer with 1.0 cm quartz cells was used for wavelength scanning and spectral studies. Hitachi U-1500 UV/Vis single beam spectrophotometer with 1.0 cm quartz cells was used for the absorbance measurements at fixed wavelength.
Reagents
4, 5-dinitrochrysazin provided by Aldrich-Chemie (99%, D7924), and aluminium chloride hexahydrate (Purum p. a, 06232) provided by Fluka were used without any further purification.All the chemicals were of analytical reagent grade except where stated otherwise.
Solutions were prepared using double distilled water. 4, 5-dinitrochrysazin ligand solutions and aluminium complexes solutions were prepared using ethanol or methanol from Merck (96%,159010; orfor synthesis, 822283,respectively). Standard fluoride stock solution was prepared by dissolving 0.1382 g of sodium fluoride provided by Merck (ACS reagent, 106449) in 250 ml water. The stock solution was further diluted as needed.
Preparation of the Metal Complexes Solutions
Job's method of continuous variation was adopted for the determination of the composition of the coloured complexes (Werner and Boltz, 1971a; Werner and Boltz, 1971b) . Aluminium to ligand (4, 5-dinitrochrysazin) ratio was also consideredin both ethanol and methanol solvents by preparing complexes with the most common molar ratios (1:1, 1:2, 1:3, 2:1, 3:1, 2:3, and 3:2) to enable comparison between the spectra of these different complexes. The blank was prepared by the same procedure using the solvent instead of the aluminium ionic solution.
Aluminium to ligand ratio was found to be 1:2. Thus, the complex solutions for the spectrophotometric measurements were prepared as1:2 ratios from aluminium and a ligand of 1 × 10 -4 M or 2.5 × 10 -4 M in methanol or ethanol solutions, respectively.This concentrationis particularly suitable for spectrophotometric measurements.
Reaction of Fluoride with the Prepared Complex Solutions
Various amounts of fluoride were added in the range 0 -2 mg l -1 to 25 ml volumetric flask containing aluminium complex solutions of 4, 5-dinitrochrysazin in ethanol (2.5×10 -4 M, 24.5 ml). Water was added to the solution to give it its ultimate volume. The absorbance was measured at the wavelengths of the maximum difference (370 and 427 nm) in the electronic spectra between the ligand and the complex. The spectrums of the reaction of different amounts of fluoride with the complex were compared.
Determination of Fluoride in Real Drinking Water Samples
The method under investigation was tested using two real groundwater samples collected and (table 1 and table 2) . Recovery of 1.5 mg l -1 [%] 109.4 ± 5.8 109.9 ± 5.4
Recovery of sample 1 % 111.1 ± 6.5 109.6 ± 6.8
Recovery of sample 2 % 105.9 ± 7.7 104.9 ± 7.1
Results and discussion

4, 5-Dinitrochrysazin
Alizarin is an AQ dye commonly used as spectrophotometric reagent for determination of fluoride (Jacobson & Weinstein, 1977; and Cholak, 1959) . Thus, this group of ligands; i.e. AQ dyes, was the initial step to obtain a new fluoride regent.
In commercial terms, AQ dyes are second only to azo dyes, largely due to the former's lesstinctorial strength and complexity of preparation in comparison with the latter , (Lubs, 1955; Arpe and Ullmann, 1985) .The commercially importance AQ dyes are all derivatives ofthe pale yellow 9,10-AQ. Coloured AQ dyes due absorption bands in the visible region of the spectrum are thosewith donor substituents such as ─NH 2 or ─OH having filled 2p z . Other types of electron donating groups, such as alkyls or phenyl, exert only small bathochromic effect (an increase in the wavelength) on the long wavelength π → π band. Electron -accepting groups have little effect on the absorption spectrum. However, they do weaken the n→ π* transition of the carbonyl group (Arpe and Ullmann, 1985).
4, 5-Dinitrochrysazin is a member of the AQ group of dyes commonly known as 1, 8-dinitro-4, 5-dihydroxyanthraquinone. Technically speaking, this dye is a very useful chemical in the synthesis of disperse blue anthraquinone dyes possessing good light and sublimation fastness (Brown and Colclough, 1983; Ukponmwan and Freeman, 1990; and Chao and Yu, 1992) The transition σ→σ* due to C─C and C─H bonds requires very high energy and appears in the vacuum UV i.e., below 200 nm. The bands in the UV region (223 nm, 256 nm, 258 nm, and 321 nm) are attributed to n → π* transition involving one electron of the lone on the oxygen atom of OH groups (Banerjie and Dey, 1979; and Banerjie and Dey, 1981) .
The visible band in the spectra of 4, 5-dinitrochrysazin is attributed to n→π* transition due to the lone pair of electrons peculiar to a heteroatom. The lone pair electrons of a heteroatom is usually highest in energy, as the electrons receive no stabilization from conjugation, thus n→π* transition requires less energy and occurs at higher wavelengths. Although isolated ─C═C─ gives π→π* transition at shorter wavelengths, pronounced changes occur only when multiple bonds exist in conjugation,and the band position π→π* transition increases considerably in anthracene as compared to benzene. Anthracene is a colourless compound showing only π→π* band in UV region. 9, 10-anthraquinone is a yellow compound with the color resulting from n→π* transition of ─C═O group and the π→π* transition band showing a red shift (bathochromic)as a result of the conjugation of ─C═O with the rest of the molecule. The high intensity of the broad peak in the visible region for the ligand (dye) under investigation produces aπ→π* band, whilethe n→π* weak transition band is obscured by the former band (Banerjie and Dey, 1981; and Banerjie and Dey, 1979) . 
Aluminium Complexes of 4, 5-Dinitrochrysazin
The molar ratio of aluminium to 4, 5-dinitrochrysazin ligand in the complex was determined by both Job's method of continuous variations and spectrophotometrical comparison between the most common metal and ligand ratios (1:1, 1:2, 1:3, 2:1, 3:1, 2:3, and 3:2). The results indicate that the molar ratio is 1:2. The presence of quinoid oxygen atoms, together with two nitro-groups and two hydroxyl groups in the 1-, 8-, and 4, 5-respectively, yields alternative positions where the chelation might occur. Therefore, it is possible for the complex to be 1:1, 1:2, 1:3, 2:1.
However, the maximum difference in the absorption spectra between the ligand and the complex occurs with 1:2 complex. The absorption spectra of aluminium 1:2 complex in ethanol and in methanol are given in figure   2a and figure 2b, respectively. The complex exhibits yellow colour in ethanol and displays one band in the UV region at 256 nm with a molar absorptivity of 8960 ± 54 l mol and distance of the electronic charge transfer, effect of the substituents on the charge transfer through the molecule,effect of the complexation on the plan geometry of the ligand, and ligand to metal charge transfer) determine whether a bathochromic or hypsochromic shift will take place after complexation.
Effect of the Solvent and Slovatochromism
The effect of methanol and ethanol solvents on the absorption spectra of the aluminium 1:2 complex and the free ligand was examined (figure 2). Solvent can influence the electronic transitions by different mechanisms. In the ground state, solvent molecules orient around polar solute groups, which creates an average solvent electrostatic field influencing the geometry, vibrational frequencies and intensities. However, charge transfer and interaction with solvent orbitals are still fundamental to understanding the excited electronic states (Sebek et al, 2006) .
Such a charge transfer is originated mainly from the hydroxyl group of ethanol or methanol to the antibonding orbitals of the nitro group, which is known by its high accepting propriety, which, in turn,functions through weakening the O─H bond as a result of the decrease in the electron density in the oxygen atom.
There is a bathochromic shift in the absorption spectra when the solvent was changed from ethanol to methanol. Therefore, it is expected that the excited state of the 4, 5-dinitrochrysazinis more polar than its ground state. To gain insight into this process, we must first know what is meant by 'solvatochromism dyes.'The term 'solvatochromic dyes'refers to a class of compounds that display solvent-dependent colours in solution. In physicochemical terms, solvatochromism can be described (in part) by changes in electronic charge distributions induced by solvents with different dielectric constants and solvation properties. Thus, knowledge of local charge densities for both the ground and the excited states of the dyes is instrumental to understanding these complicated phenomena. One can differentiate between positive and negative solvatochromism depending on whether bathochromic or hypsochromic shifts are induced with increasing solvent polarity. Since solvent / solute interactions mainly depend on charges and dipole moments, large changes in electron densities will cause strong positive solvatochromism. Bathochromic shifts are found with increasing solvent polarity if the excited state is more polar than the ground state.
Hypsochromic shifts, in turn, are observed in more polar solvents due to a decreasing polarity of the excited state relative to that of the ground state. Generally speaking, the excited state of the sovatochromic dye is more polar than its ground state if increasing bathochromic shifts are measured in solvents of increasing polarity (Gordon and Gregory, 1983; and Zollinger, 2003) .
The formation of an intramolecular H-bond reduces the interactions with solvent molecules. Such a behaviour is typical for compounds in which the charges are more separated in the excited state than in the ground state. Thereby, the observed solvatochromism is smaller because solvent interactions are less crucial in this case due to the presence of intramolecular H-bond (Zollinger, 2003) .
Reaction of Fluoride with 4, 5-Dinitrochrysazin Complex
The reaction of aluminium 4, 5-dinitrochrysazin 1:1, 1:2, 1:3, or 2:1 complexes in methanol and in ethanol with fluoride showed that the maximum difference in the absorption spectra occurred with the complex of 1:2 ratio in ethanol. The remainder of this discussion will focus on this complex. The conversion of the colour and the absorption spectra from thatof the complex to that of the ligands is shown in Figure 3 , whichalso illustrates the changes in the spectra of the complex in (table 2) is harmonious with that reported by the Central Public Health Laboratory using SPADNS colourimetric method (table 1) . Sensitivity, detection limit, limit of quantification and the recovery of 1.0, and 1.5 mg l -1 F of the Aluminium4, 5-dinitrochrysazin ligand 1:2 complex for the spectrophotometric determination of fluoride at 370 and 427 nm are summarized in table 2. Sensitivity was taken as the average of the slope of the calibration curve for five replicates. The detection limit and the limit of quantification were calculated as (3.3σ/S) and (10σ/S), respectively, where σ is the standard deviation of response and S is the slope of the calibration curve. Recovery was measured as the average of 10 replicate.
Most of the dyes used for fluoride analysis exhibit a decrease in absorbance in the presence of fluoride (e.g., SPADNS, eriochrome cyanine R). Other indicators dyes, such as alizarin fluorine blue, increase the absorbance in the presence of fluoride. They are commonly used because their interferences bleaching the reagent can be readily distinguished (Jacobson & Weinstein, 1977; and Shah and Danishwar, 2003) . The ligand under investigation is another example of the second type.
The interference studies were done by measuring the influence of the anions (such as chloride, nitrate, and sulphate in such concentration commonly found in the natural water)on the determination of 1.0 and 1.5 mg l -1 fluoride. Chloride and nitrate-which were added in the range of 100 -500 and 5 -100 mg L -1 , respectively-do not interfere with the determination of fluoride.
Sulphate interferes with the most visual and photometric methods for determining fluoride by its competition with fluoride to form a complex with the metal, and therefore it results in higher concentrations (Ruzicka et al, 1966; and Price and Walker, 1952) . In the present work, sulphate up to 50 mg l -1 does not interfere with the determination of fluoride. However, when the amount of sulphate is higher than 50 mg l -1 , it interferes with the determination of fluoride, causing a positive error, which can be overcome by precipitating sulphate using barium chloride (Dixon, 1970) .
Interference may also come from metal ions (that give a colour with the dye) or cations (e.g. iron, zirconium, magnesium) which form complexes with fluoride in competition with aluminium (Nishimoto et al., 2001; and Dixon, 1970 (Aikens and Reilly, 1963) . When the sample solution is expected to contain a large amount of these cations, and because of the high tendency of such type of ligands to form colour chelates with various metal ions (Snell, 1978; Srivastava and Banerji, 1967) , it is better to mask the metal interferences by adding complexing agents such as DCTA (trans-1,2-aminocyclohexane-N,N,N´,N´-tetraacetic acid) (Nishimoto et al, 2001) or EDTA (ethylenediaminetetraacetic acid (Snell, 1978) .
Conclusions
Aluminium 4, 5-dinitrochrysazin 1:2 complex was successfully used as new spectrophotometric reagent for determination of fluoride in groundwater. The proposed method is simple, rapid, and it allows a reliable determination of fluoride in the range of 0.0─5.0 mg l -1 , which is compatible with the WHO limit value of 1.5 mg l -1 . Due to its simplicity, it can be recommended as a reagent for controlling the amount of fluoride in countries suffering from fluoride health problems.
